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The rate of growth of the left common carotid artery during gestation has not
been sufficiently evaluated. The present study was performed on 128 sponta-
neously aborted human foetuses aged 15–34 weeks to compile normative data
for the dimensions of the left common carotid artery at varying gestational
ages. Using anatomical dissection, digital image analysis (system of Leica Q
Win Pro 16) and statistical analysis (ANOVA, regression analysis), a range of
measurements (length, original external diameter and volume) for the left com-
mon carotid artery during gestation was examined. No significant gender dif-
ferences were found (p > 0.05). The growth curves of the best fit for the plot
of each morphometric parameter against gestational age were generated. The
lengths ranged from 14.82 ± 2.22 to 42.84 ± 4.32 mm, according to the
linear model y = –9.6918 + 1.5963 x ± 3.1706 (r = 0.95; p < 0.001). The
original external diameter increased from 0.72 ± 0.18 to 3.28 ± 0.40 mm,
according to the linear function y = –1.5228 + 0.1428 x ± 0.2749 (r = 0.95;
p < 0.001). The left common carotid artery-to-aortic root diameter ratio
increased from 0.356 ± 0.062 to 0.480 ± 0.101. The left common carotid
artery-to-aortic arch diameter ratio increased from 0.447 ± 0.079 to 0.535 ±
± 0.113. The volume ranged from 6.73 ± 4.06 to 369.30 ± 107.42 mm3 in
accordance with the quadratic function y = 344.8 – 41.001 x + 1.254 x2 ±
± 46.955 (R2 = 0.87). The parameters examined have clinical application in
the early recognition of arterial abnormalities, especially aortic coarctation. (Folia
Morphol 2008; 67: 186–192)
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INTRODUCTION
The common carotid arteries develop from both
an elongation of the adjacent part of the aortic sac
and the proximal part of the third embryonic aortic
arches [14]. The left common carotid artery varies in
origin more than the right one. According to An-
son’s examination [1] of 1000 adult cadavers it may
arise from the aortic arch (69.4%), brachiobicarotid
trunk (28.2%), left brachiocephalic trunk (1.3%),
bicarotid trunk (0.8%) and single arterial trunk
(0.3%). The left common carotid artery ascends in
the superior mediastinum until level with the left
sternoclavicular joint (thoracic part) and then enters
the neck, diverging laterally from behind the left ster-
noclavicular joint to the level of the thyroid carti-
lage’s upper border (cervical part), where it divides
into the left external and internal carotid arteries.
High-resolution echocardiographic imaging is a safe
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and effective method of examining aortic arch
branching in foetuses [10, 20]. Some echocardio-
graphers [4, 6, 8] have stated that the left common
carotid artery-to-aortic arch diameter ratio facilitates
the prenatal diagnosis of aortic coarctation. According
to some authors [3, 4] the left common carotid artery
diameter was found to increase in linear fashion
throughout the second and third trimesters.
There has hitherto been a paucity of quantita-
tive anatomical data concerning the length and vol-
ume of the left common carotid artery. The present
study was undertaken in order to construct a nor-
mal range for the morphometric features of the left
common carotid artery during gestation.
Our objectives were set to examine the following:
— the normal values for the length, original exter-
nal diameter and volume of the left common ca-
rotid artery at varying gestational ages;
— the growth curves for normal development of
the parameters studied;
— the relative growth of the original external di-
ameter of the left common carotid artery in rela-
tion to the aortic root diameter or aortic arch
diameter;
— possible gender differences.
MATERIAL AND METHODS
The examinations were carried out on 128 hu-
man foetuses of both sexes (63 males, 65 females)
from spontaneous abortions or stillbirths, cardiovas-
cular abnormalities having been excluded at necrop-
sy. Foetal ages ranged from 15 to 34 weeks of ges-
tation (Table 1). The present study was approved
by the University Research Ethic Committee (KB/217/
/2006). Developmental age was determined on the
basis of the following criteria:
— gestational age based on crown-to-rump length [5];
— known date of the beginning of the last normal
menstrual period;
— in some cases corrections regarding foetal age
were established by measuring their humeral and
femoral bones using USG equipment [17].
Foetuses were grouped into six monthly cohorts,
corresponding to the 4th – 9th months of gestation.
The arterial bed was filled with white latex LBS 3060,
without over-distension of the perfused vessels,
through a catheter Stericath (diameter of 0.5–
–1.0 mm), which was introduced by lumbar access
into the abdominal aorta. The foetal artery filling was
performed under a controlled pressure of 50–60 mm Hg
using a syringe infusion pump SEP 11S. All specimens
Table 1. Age, number and sex of the foetuses studied
           Foetal age
   
         Crown-rump length [mm] Number Sex
Months Weeks Mean SD Min Max Male Female
 (Hbd-life)
4 15 89.4 6.1 85.0 92.0 10 5 5
16 103.7 6.1 95.0 106.0 7 3 4
5 17 114.9 8.2 111.0 121.0 6 4 2
18 129.3 6.6 124.0 134.0 8 3 5
19 142.7 7.7 139.0 148.0 6 3 3
20 155.3 5.8 153.0 161.0 4 1 3
6 21 167.1 4.7 165.0 173.0 3 2 1
22 178.1 6.9 176.0 186.0 7 4 3
23 192.3 6.3 187.0 196.0 9 4 5
24 202.9 5.7 199.0 207.0 11 6 5
7 25 215.2 4.8 211.0 218.0 7 5 2
26 224.7 5.2 220.0 227.0 7 4 3
27 234.1 4.3 231.0 237.0 4 0 4
28 244.2 5.1 240.0 246.0 5 2 3
8 29 253.8 4.5 249.0 255.0 6 1 5
30 262.7 3.1 260.0 264.0 6 5 1
31 270.7 5.2 268.0 275.0 4 1 3
32 281.4 3.7 279.0 284.0 5 4 1
9 33 290.3 6.1 286.0 293.0 9 4 5
34 301.4 3.2 296.0 302.0 4 2 2
Total 128 63 65
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were immersed in 10% neutral formalin solution for
20–24 months for preservation. Dissection of the
aortic arch and its branches was performed accord-
ing to standard autopsy techniques under
10-fold magnification using a stereoscope with Huy-
gens ocular. In each foetus the left common carotid
artery in situ with the millimetre scale was placed
perpendicular to the optical lens axis, afterwards
recorded using a camera Nikon Coolpix 8400 and
then digitalised to JPEG images. Next, digital pic-
tures of the left common carotid artery underwent
quantitative analysis using a digital image analysis
system of Leica QWin Pro 16 (Cambridge), which
automatically estimated the length, original exter-
nal diameter and volume of the marked artery. Au-
tomatic measurements of the parameters examined
were derived by assuming that the filled arteries were
circular in cross-section and therefore constituted
a flexible cylinder.
For each foetus the following seven measure-
ments and calculations were made:
1) the largest original external diameter of the aor-
tic root [mm], at the level of the aortic valve
annulus;
2) the external diameter of the aortic arch [mm],
distal to the left common carotid origin (i.e.
transverse aortic diameter);
3–5) the length, original external diameter and vol-
ume of the left common carotid artery;
6) the left common carotid artery-to-aortic root
diameter ratio;
7) the left common carotid artery-to-aortic arch
diameter ratio.
The length, original external diameter and vol-
ume of the left common carotid artery were cor-
related to foetal age so as to establish their
growth. Finally, the results obtained were evalu-
ated by the one-way ANOVA test for unpaired data
and the post-hoc RIR Tukey test. Regression anal-
ysis was used to derive the line of best fit for the
length, original external diameter and volume
against gestational age. Correlation coefficients
(r) between the length or original external diame-
ter and foetal age, and coefficient of determina-
tion (R2) between volume and foetal age were es-
timated. Because of the different sizes of the spec-
imens, we calculated the ratio between the origi-
nal external diameter of the left common carotid
artery and that of the aortic root (the left com-
mon carotid artery-to-aortic root diameter ratio)
or the aortic arch (the left common carotid artery-
-to-aortic arch diameter ratio).
RESULTS
In the material under examination the left com-
mon carotid artery originated from the highest part
of the aortic arch (Fig. 1), between the brachioceph-
alic trunk and the left subclavian artery in 79.39%
of the individuals (49 males, 52 females). In the re-
maining 20.61% of cases (14 males, 13 females) it
arose from the brachiobicarotid trunk (Fig. 2). There
were no high or low types of division of the left com-
mon carotid artery in the foetuses studied.
Statistical analysis of the features of the left com-
mon carotid artery examined did not show gender
differences (p > 0.05). The morphometric values ob-
tained have therefore been presented, without re-
gard to sex, in Table 2. Both the length and original
external diameter of the left common carotid artery
revealed a proportional increase in values with ad-
vanced foetal age. The values of the length of the
left common carotid artery ranged from 14.82 ±
± 2.22 mm for the 4-month group to 42.84 ±
± 4.32 mm for group in the 9th month of gestation.
Figure 1. The usual branching of the aortic arch (type I of Anson)
in a male foetus aged 20 weeks: 1 — ascending aorta, 2 — aor-
tic arch, 3 — aortic isthmus, 4 — brachiocephalic trunk, 5 — left
common carotid artery, 6 — left subclavian artery, 7 — right sub-
clavian artery, 8 — right common carotid artery, 9 — left internal
carotid artery, 10 — left external carotid artery, 11 — pulmonary
trunk.
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The length of the left common carotid artery in rela-
tion to foetal age in weeks increased according to
the linear function y = –9.6918 + 1.5963 x ± 3.1706
(Fig. 3). The values for the original external diame-
ter of the left common carotid artery ranged from
0.72 ± 0.18 to 3.28 ± 0.40 mm for the 4 and
9 month groups, respectively. The original external
diameter of the left common carotid artery was de-
pendent on foetal age in weeks according to the
linear function y = –1.5228 + 0.1428 x ± 0.2749
(Fig. 4). Positive correlation coefficients between
length or original external diameter and foetal age
were statistically significant (p < 0.001) and reached
the value r = 0.95.
Parallel to the absolute increase in the values of
the original external diameter of the left common
carotid artery, its two relative diameters increased
with advancing foetal age (Table 3). In the age range
examined the left common carotid artery-to-aortic
root diameter ratio increased from 0.356 ± 0.062
to 0.480 ± 0.101. The left common carotid artery-
-to-aortic arch diameter ratio also increased from
Figure 3. Regression line for the length (y) of the left common
carotid artery versus foetal age (x); y = –9.6918 + 1.5963 x ±
± 3.1706 (r = 0.95, p < 0.001).
Figure 2. Reduction to two derived branches of the aortic arch
(type II of Anson) in a female foetus aged 25 weeks: 1 — ascend-
ing aorta, 2 — aortic arch, 3 — aortic isthmus, 4 — brachiobica-
rotid trunk, 5 — left subclavian artery, 6 — brachiocephalic trunk,
7 — right subclavian artery, 8 — right common carotid artery,
9 — left common carotid artery, 10 — left vagus nerve, 11 — right
vagus nerve, 12 — left recurrent laryngeal nerve.
Table 2. Block scheme of the statistical analysis of the left common carotid artery parameters
Foetal age n Length [mm] Original external diameter [mm] Volume [mm3]
[month] (mean ± SD) (mean ± SD) (mean ± SD)
4 17 14.82 ± 2.22 0.72 ± 0.18 6.73 ± 4.06
Ø (p < 0.01) Ø (p < 0.01) Ø (p > 0.05)
5 24 19.72 ± 2.88 1.13 ± 0.19 21.22 ± 9.55
Ø (p < 0.001) Ø (p < 0.001) Ø (p < 0.05)
6 30 26.93 ± 3.42 1.75 ± 0.36 67.91 ± 30.91
Ø (p < 0.001) Ø (p < 0.001) Ø (p < 0.01)
7 23 32.03 ± 4.71 2.23 ± 0.37 130.68 ± 55.27
Ø (p < 0.001) Ø (p < 0.001) Ø (p < 0.001)
8 21 39.37 ± 3.91 2.85 ± 0.40 259.06 ± 81.47
Ø (p < 0.001) Ø (p < 0.05) Ø (p < 0.001)
9 13 42.84 ± 4.32 3.28 ± 0.40 369.30 ± 107.42
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0.447 ± 0.079 to 0.535 ± 0.113 for the 4 and
9 month groups respectively. A significant increase
in both the ratios was observed between the 5 and
6 month groups only (p < 0.05). The values of the
volume of the left common carotid artery ranged
from 6.73 ± 4.06 mm3 for the 4th month to 369.30 ±
± 107.42 mm3 for the 9th month of gestation. The
volumetric growth of the left common carotid ar-
tery generated the quadratic function y = 344.8 –
– 41.001 x + 1.254 x2 ± 46.955 (Fig. 5). The coeffi-
cient of determination between volume and foetal
age was statistically significant (p < 0.001) and
reached the value R2 = 0.87.
DISCUSSION
Reference data for the dimensions of the left
common carotid artery, as determined using both
autopsy study and echocardiographic imaging, are
scarce for human foetuses. In this anatomical study
the digital image analysis system of Leica Q Win 16
Pro was used to provide normal morphometric val-
ues for the left common carotid artery at gestation-
al ages ranging from 15 to 34 weeks. A particular
strength of this study is the large number of normal
specimens used to generate the growth curves. It
should be noted that Flisiński et al. [3] have provid-
ed measurements (length, original external diame-
ter and volume) of the common carotid arteries for
foetuses aged 4–9 months but without growth
curves for the normal growth of the parameters stud-
ied. The growth curves for the normal development
of the left common carotid artery dimensions have
not previously been reported in the professional lit-
erature. From the present data, growth of the length
Figure 4. Regression line for the original external diameter (y) of
the left common carotid artery versus foetal age (x); y = – 1.5228 +
+ 0.1428 x ± 0.2749 (r = 0.95, p<0.001).
Figure 5. Regression line for the volume (y) of the left common
carotid artery versus foetal age (x); y = 344.8 – 41.001 x +
+ 1.254 x2 ± 46.955 (R2 = 0.87).
Table 3. Block scheme of the statistical analysis of the relative diameters of the left common carotid artery
Foetal age n Aortic root Aortic arch Left common Left common
[month] diameter [mm] diameter [mm] carotid carotid
(mean ± SD) (mean ± SD) artery-to-aortic artery-to-aortic
root diameter ratio  arch diameter ratio
4 17 2.02 ± 0.26 1.61 ± 0.24 0.356 ± 0.062 0.447 ± 0.079
Ø (p < 0.001) Ø (p < 0.001) Ø (p > 0.05) Ø (p > 0.05)
5 24 2.94 ± 0.49 2.32 ± 0.45 0.384 ± 0.121 0.487 ± 0.081
Ø (p < 0.001) Ø (p < 0.001) Ø (p < 0.05) Ø (p < 0.05)
6 30 3.96 ± 0.57 3.23 ± 0.45 0.442 ± 0.092 0.541 ± 0.064
Ø (p < 0.001) Ø (p < 0.001) Ø (p > 0.05) Ø (p > 0.05)
7 23 4.91 ± 0.47 4.10 ± 0.42 0.454 ± 0.111 0.543 ± 0.098
Ø (p < 0.001) Ø (p < 0.001) Ø (p > 0.05) Ø (p > 0.05)
8 21 6.11 ± 0.50 5.41 ± 0.47 0.466 ± 0.098 0.526 ± 0.107
Ø (p < 0.01) Ø (p < 0.001) Ø (p > 0.05) Ø (p > 0.05)
9 13 6.84 ± 0.63 6.13 ± 0.49 0.480 ± 0.101 0.535 ± 0.113
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and original external diameter appears to be linear-
ly related to gestational age. Plots showing both
the length and original external diameter of the left
common carotid artery were modelled on the linear
functions y = –9.6918 + 1.5963 x ± 3.1706 and
y = –1.5228 + 0.1428 x ± 0.2749 respectively. More-
over, correlation coefficients between these param-
eters and foetal age were very high (r = 0.95) and
statistically significant (p < 0.001). Flisiński et al. [3]
reported that the values of the length and original
external diameter of the left common carotid artery
ranged from 15.28 ± 2.29 to 44.81 ± 6.29 mm and
from 0.84 ± 0.14 to 3.13 ± 0.40 mm respectively.
However, in their material the correlation coefficients
between length or original external diameter and
gestational age were much lower (r1 = 0.87 for
length, r2 = 0.84 for diameter) in comparison with
our results (r = 0.95). Machii and Becker [7] showed
an increase in the external diameter of the left com-
mon carotid artery from 3.4 ± 0.7 to 5.9 ± 0.5 mm
in 19 specimens aged 0–4 years. Hornberger et al. [4]
demonstrated that the internal diameter of the left
common carotid artery was found to increase pro-
portionally throughout the second and third trimes-
ters. Morrow et al. [8] performed echocardiograph-
ic measurements of the internal diameter of the left
common carotid artery in 14 neonates with isolated
coarctation and in 14 normal control neonates. All
neonates with coarctation demonstrated larger
diameters (3.4 ± 0.6 mm) than control subjects
(2.6 ± 0.4 mm; p < 0.001).
In the present study, the ratios of the left com-
mon carotid artery diameter to aortic root diameter
or to aortic arch diameter showed a trend towards
increase throughout gestation. The left common
carotid artery-to-aortic root diameter ratio increased
from 0.356 ± 0.062 to 0.480 ± 0.101. In turn, de-
velopmental growth of the left common carotid ar-
tery-to-aortic arch diameter ratio from 0.447 ±
± 0.079 to 0.535 ± 0.113 was observed. It should,
however, be noted that a statistically significant in-
crease in both the ratios was found only between
the 5 and 6 month groups (p < 0.05). Our findings
confirmed a relative increase of the left common
carotid artery diameter with advancing foetal age.
These results correspond to the observations of
Machii and Becker [7], where the external diameter
of the left common carotid artery divided by that of
the descending aorta increased from 0.50 ± 0.09
to 0.61 ± 0.07 in specimens aged 0–4 years.
In our opinion, the relative increase of the left
common carotid artery diameter resulted from the
increase in the proportion of blood received by the
human brain as foetal age advances. Rudolph and
Heymann [13] held that in an animal model (lambs)
the growth of the arterial diameter is proportional
to the amount of blood carried. A similar flow there-
fore produces vessels of similar diameter. Accord-
ing to some authors [4, 6, 8] the left common carot-
id artery-to-aortic arch diameter ratio might assist
in the early recognition of aortic arch abnormalities.
Lappen et al. [6] and Morrow et al. [8] have shown
that in normal infants the ratio of the left common
carotid artery diameter to that of the aortic arch is
0.48 ± 0.08, whereas in cases of infantile coarcta-
tion the same ratio is 0.96 ± 0.18. The diameters of
the left common carotid artery, the left subclavian
artery and the aortic arch were essentially equal in
coarctation patients. In contrast, in the normal neo-
nate the diameters of the left common carotid and
left subclavian arteries were approximately 50% of
the aortic arch diameter. In the material of Horn-
berger et al. [4] the left common carotid artery-to-
aortic arch diameter ratio reached the value 0.77 ±
± 0.05 for coarctation versus 0.48 ± 0.08 for nor-
mal foetuses. Dodge-Khatami et al. [2] demonstrat-
ed that the ratio of the aortic arch diameter at level
of the left subclavian artery to the distance between
the left common carotid and left subclavian arteries
was significantly smaller in patients with coarcta-
tion. This ratio, which they propose as the carotid-
subclavian artery index, is a simple non-invasive
screening parameter that may be useful in unstable
patients or in those with a patent ductus arteriosus,
in which coarctation may be overlooked.
Flisiński et al. [3] reported that the volume of the
left common carotid artery ranged from 9.32 ± 4.21 mm3
in foetuses aged 4 months to 358.70 ± 142.40 mm3
for those in the 9th month of gestation. The values
obtained by these authors were in close relation to
our findings, because in the material under examina-
tion the left common carotid artery volume increased
from 6.73 ± 4.06 to 369.30 ± 107.42 mm3. The
regression equation for the volume of the left com-
mon carotid artery in mm3, modelled as a function of
gestational age in terms of weeks, was y = 344.8 –
– 41.001 x + 1.254 x2 ± 46.955. This quadratic func-
tion was the best model for the volumetric growth of
the left common carotid artery, because the coeffi-
cient of determination between volume and foetal age
reached the value R2 = 0.87. Szpinda et al. [15, 17–19]
has also demonstrated that volumetric growth of the
different foetal arteries proceeds according to the qua-
dratic function.
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No statistically significant gender differences for
the dimensions of the left common carotid artery were
observed in this study. In this respect the present re-
sults are in close accordance with previous studies
concerning measurements of the dimensions of the
aortic and great pulmonary arterial pathways in hu-
man foetuses [15–19]. Poutanen et al. [11] found
slight differences in aortic measurements between
genders in children and young adults, these being
greater in males than in females. Nevertheless, the
values were similar in both genders when indexed to
BSA. In children growth of the aortic root diameter
has been found to be independent of gender [9, 12].
This study has demonstrated quantitative anal-
ysis of the left common carotid artery during gesta-
tion. The parameters examined provide morphomet-
ric reference information for future studies on this
subject and have a clinical application in the early
recognition of aortic coarctation.
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